(19) 



Europiisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 035 082 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


Int Cl 7 * C03B 37/014 




13.09.2000 Bulletin 2000/37 


(21) 


Application number: 00250083.3 




(22) 


Date of filing: 08.03.2000 




(84) 


uesignateQ uonu dciing oiaies. 


• kViiria Mirnmilrl 

* ixoiue, niroyuiu, 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


c/o Shin-Etsu Chemical Co., Ltd. 




MCNLPTSE 


Gunma Prefecture (JP) 




Designated Extension States: 


• Tsumura, Hlroshl, 




AL LT LV MK RO SI 


c/o Shin-Etsu Chemical Co., Ltd. 






Gunma Prefecture (JP) 


(30) 


Priority: 10.03.1999 JP 6263699 


* Shimada, Tadakatsu, 




12.03,1999 JP 6594899 


c/o Shin-Etsu Chem. Co., Ltd. 


(71) 




Gunma Prefecture (JP) 


Applicant: 


• Hirasawa, Hideo, 




SHIN-ETSU CHEMICAL CO., LTD. 


c/o Shin-Etsu Chemical Co., Ltd. 




Chiyoda-ku Tokyo (JP) 


Gunma Prefecture (JP) 


(72) 


Inventors: 


(74) Representative: 


• 


Kamlo, Takeshi, 


Pfenning, Meinig & Partner . 




c/o Shin-Etsu Chemical Co., Ltd. 


Mozartstrasse 17 




Gunma Prefecture (JP) 


80336 MOnchen (DE) 



CM 
CO 

in 

CO 



(54) Process and apparatus for sintering a porous glass preform 

(57) Apparatus for sintering a porous glass preform 
(2) from which an optical f toer can be drawn. The sinter- 
ing apparatus includes: a control unit (4) which can vary 
a condition for sintering the porous glass preform; and a 
furnace (12) which sinters the porous glass preform by 
heating the preform in an atmosphere of dehydration 
gas and inert gas (eig. CI2 and He). The control unit (4) 
includes a drive source (3) for supplying the porous 
glass preform to the furnace at various speeds. Option- 
ally the control unit also includes a temperature control 
unit (15) for controlling the temperature of a heating 
source (9) provided in the furnace. A method by which 
the preform supply speed is varied during sintering of 
such a porous glass preform is also disclosed. The 
apparatus and method aim to solve the problem of core- 
clad eccentricity and roundness by providing a more 
uniform sintering of the porous preform. ^ 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a sintering 
apparatus which dehydrates and sinters a porous glass 
base material serving as a raw material for an optical 
fiber so as to produce a transparent glass, and a 
method of sintering the porous glass base material. 

2. Description of the Related Art 

[0002] An optical fiber is made of the porous glass 
base material, as a raw material, comprised of: a core in 
which silicon tetrachloride (SiCI 4 ) as a main material 
and a doping material having increasing refractive index 
are vaporized and are hydrolyzed in the oxyhydrogen 
blaze so that the glass particulates thus produced are 
deposited and which presents a high refractive index; 
and a clad in which glass particulates are deposited and 
whose reflection rate is lower than that of the core. The 
porous glass base material is usually produced such 
that the glass particulates are deposited by a vapor- 
phase axial deposition (VAD) method, outside vapor 
deposition (OVD) method or the like. In a furnace tube 
into which the porous glass base material is inserted; 
the base material is heated and sintered so as to dehy- 
drate and perform the transparency-vitrification process 
on the base material in the dehydration-reactive gas 
and inert gas atmosphere while the base material 
descends, so that an optical fiber preform comprised of 
a core and a dad can be obtained. After this optical fiber 
preform is elongated at a desired diameter and is then 
drawing-performed by a drawing apparatus, an optical 
fiber can be obtained. 

[0003] During the sintering of this porous glass 
base material, conditions such as the flow rate of the 
dehydration-reactive gas and inert gas, the passing 
(descending) speed of the base material through a 
heating region, and the heating temperature in the heat- 
ing region are kept constant. With each of such condi- 
tions being kept constant, the thermal energy 
necessary for processing the dehydration and the trans- 
parency-vitrification is supplied evenly to the porous 
glass base. 

[0004] However, the heat thus supplied is not suffi- 
cient in order to perform the sintering uniformly. As a 
result the sintered portion and unsintered portion do 
not become concentric, and those are mixed in an 
asymmetric manner. Moreover, when the unsintered 
portion is sintered, the glass which was already sintered 
and thus had low viscosity is also involved unwantedly 
so as to contract unevenly. Thus, the core is displaced 
from the axial center of the base material so as to cause 
eccentricity. This eccentricity further causes the supply 
of the thermal energy to become non-uniform, so that 



the periphery of the base material tends to present the 
form of an ellipse. Let us call this tendency ellipsization. 
Once the eccentricity and ellipsization occur, the sinter- 
ing process proceeds while the non-uniform contraction 
5 occurs continuously. Therefore, the whole of the optical 
fiber preforms suffer from the eccentricity and ellipsiza- 
tion. 

[0005] Consequently, the optical fiber obtained by 
performing the drawing process on these optical fiber - 

to preforms present the eccentricity and ellipsization. 
When these optical fibers thus produced are connected 
to each other by means of adhesion or fusion, contact 
loss is caused because of difference of shapes in cou- 
pling surfaces between the core and clad, displacement 

is of the axial center of the core, and the difference in core 
diameters. 

[0006] When manufacturing the porous glass base 
material, there is available a method by which the clad 
will be further grown around its peripheral by the OVD 
so method after the core and clad are formed by the VAD 
method. Now, in the conventional practice, the sintering 
is carried out in a manner that the porous glass base 
material is sintered while keeping constant the flow rate 
of the chlorine gas and inert gas serving as the dehy- 
25 dration-reactive gas as well as keeping the descending 
speed of the base material constant and keeping the 
condition of the heating temperature fixed. However, 
there occurs a difference between remaining rates of 
the dehydration-reactive gases in the clad formed by the 
30 VAD method and the clad formed by OVD method. If the 
1000 ppm chlorine gas remains in the optical fiber sin- 
tered, the refractive index increases by approximately 
10" 5 . Thereby, the difference between the chlorine gas 
remaining rates in the clad causes a great deal of 
35 refractive index difference in the clad. Thus, the distribu- 
tion characteristics of the optical fiber material are dete- 
riorated. Moreover, as the porous glass base material 
descends in the furnace tube during a sintering proc- 
ess, a temperature gradient in the furnace tube and the 
4C flow rate of gas within the furnace tube change, so that 
the remaining rate of the chlorine gas in the axial direc- 
tion of the base material becomes non-uniform and the 
difference in the refractive indexes fluctuates, thus 
causing a problem where the cut-off wavelength can not 
45 be kept constant in the axial direction. 

SUMMARY OF THE INVENTION 

[0007] Therefore, it is an object of the present 
so invention to provide sintering apparatus for porous glass 
base material, as well as a method therefor, which does 
not cause the eccentricity of the core and the ellipsiza- 
tion of the periphery of the glass material while sintering 
and dehydrating the porous glass base material and 
55 performing the transparency-vitrif ication process on the 
porous glass base material. It is another object to pro- 
vide sintering apparatus, as well as a method therefor, 
capable of suppressing the refractive indexes inside the 
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clad in the event that the porous glass base material is 
sintered and dehydrated and transparency-vitrification 
processed. These objects are achieved by combina- 
tions described in the independent claims. The depend- 
ent claims define further advantageous and exemplary 
combinations of the present invention. 
[0008] According to one aspect of the present 
invention, there is provided apparatus (700) for sintering 
a glass base material (2) which is a base material for an 
optical fiber, the sintering apparatus comprising: a con- 
trol unit which varies a condition for sintering the glass 
base material; and a furnace (12) which sinters the 
glass base material by heating the glass base material 
in an atmosphere of dehydration gas and inert gas, the 
control unit including a drive source (3) which supplies 
the glass base material to the furnace. 
[0009] Preferably, the control unit includes a first 
sensor (6). connected to said drive source (3), which 
detects a position of the glass base material inside said 
furnace so that the drive source varies the speed o1 the 
glass base material which descends through the fur- 
nace, based on the position of the glass base material, 
detected by the first sensor. 

[0010] The furnace further includes: a heating 
source (9), provided in the periphery of said furnace, 
which heats the glass base material: and a gas intro- 
ducing pipe (11), connected to said furnace, which 
introduces a chlorine gas serving as the dehydration 
gas, and a helium gas serving as the inert gas into said 
furnace. 

[0011] Preferably, the drive source may vary the 
speed at which the glass base material descends in a 
manner that the descending speed of the first half of the 
glass base material in a region corresponding to said 
heating source is slower than that of the end haff of the 
glass base material in said region. 
[0012] Moreover, a maker (5) may be provided in 
the glass base material so that the position of the glass 
base material can be detected by the first sensor. 
[001 3] Moreover, the descending speed of the base 
material may be changed at once or varied in a gradual 
manner or changed in a step-by-step manner. 
[0014] According to the another aspect of the 
present invention, there is provided a sintering appara- 
tus, wherein the control unit includes a temperature 
control unit (15) which controls the temperature of said 
heating source via a second sensor (14) provided in 
said furnace. 

[0015] The temperature control unit (15) may per- 
form a proportional integral and differential operation. 
[0016] Moreover, the gas introducing pipe may 
branch out to a dehydration-reactive gas passage for 
introducing the chlorine gas and an inert gas passage 
for introducing the helium gas. 
[001 7] Moreover, there may be provided a flow rate 
control unit which varies a flow rate ratio of dehydration- 
reactive gas to that of the inert gas. 
[0018] Moreover, the dehydration-reactive gas pas* 



sage may include a first flow rate meter (25) and a first 
flow rate control valve (24), and the inert gas passage 
may include a second flow rate meter (20) and a second 
flow rate control valve (29) . and there may be provided 

5 a flow rate control unit (27) connected to both the first 
and second flow rate meters and (25, 20) there may be 
provided a second drive source (26) connected to the 
flow rate control unit (27) and the first and second flow 
rate control valves (24, 29). 

10 [0019] Moreover, it is preferable that the ratio of gas 
passing through the dehydration -reactive gas passage 
to gas passing through said inert gas passage is in the 
range of approximately 1 0% to 50%. 
[0020] According to still another aspect of the 

75 present invention, there is provided apparatus for man- 
ufacturing an optical fiber, comprising: a glass base 
material generating apparatus (600) which generates 
glass base material serving as a raw material for the 
optical fiber; a glass base material dehydrating and sin- 

20 tering apparatus (700) which dehydrates and sinters the 
glass base material, the glass base dehydrating and 
sintering apparatus including: a control unit which varies 
a condition for sintering the glass base material; and a 
furnace (12) which sinters the glass base material by 

25 heating the glass base material in an atmosphere of 
dehydration gas and inert gas. wherein the control unit 
includes a drive source (3) which supplies the glass 
base material to the furnace; a glass base material first 
elongating apparatus (900) which elongates the glass 

30 base material to generate a glass rod; a glass rod sec- 
ond elongating apparatus (111) which elongates the 
glass rod for the second time to generate a preform 
which is parent material of the optical fiber; and a pre- 
form drawing apparatus (500) which draws the preform 

35 to produce the optical ffoer. 

[0021] According to still another aspect of the 
present invention, there is provided a method of sinter- 
ing a glass base material which is a base material for an 
optical fiber, the sintering method comprising: varying a 

40 condition for sintering the glass base material; the vary- 
ing condition including: supplying the glass base mate- 
rial to a furnace; and sintering the glass base material in 
the furnace by heating the glass base material in an 
atmosphere of dehydration gas and inert gas. 

45 [0022] According to still another aspect of the 
present invention, there is provided a method of manu- 
facturing an optical fiber, comprising: generating (S200) 
a glass base material serving as a raw material for the 
optical fiber; varying a condition for sintering the glass 

so base material; the varying condition including: supply- 
• -ing the glass base material to a furnace; and sintering 
the glass base material in the furnace by heating the 
glass base material in an atmosphere of dehydration 
gas and inert gas; elongating the glass base material to 

55 generate a glass rod; elongating the glass rod for the 
second time to generate a preform which is a parent 
material for the optical fiber; and drawing the preform to 
produce the optical fiber. 



3 



ASDOCID: <EP 10350B2A1J_> 



5 



EP 1 035 082 A1 



6 



[0023] This summary of the invention does not nec- 
essarily describe all necessary features so that the 
invention may also be a sub-combination of these 
described features. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 shows a system of an optical fiber manufac- 
turing apparatus. 

Fig. 2 shows an optical fiber manufacturing method. 
Fig. 3 shows a porous glass base material sintering 
apparatus according to the first embodiment 
Fig. 4 is a table showing three experimental exam- 
ples employing the first embodiment where each 
example is categorized into the descending speed 
(mm per minute) of the first half at the thermal 
region 8, the descending speed (mm per minute) of 
the end half at the thermal region 8, the eccentricity 
ratio (%) and the ellipticity (%). 
Fig. 5 shows another porous glass base material 
sintering apparatus according to the second 
embodiment. 

Fig. 6 shows correlation between the position of the 
glass base and the refractive index differences in 
the present embodiment (indicated with solid line) 
and the comparison example (dotted line). 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] The invention will now be described based 
on the preferred embodiments, which do not intend to 
limit the scope of the present invention, but exemplify 
the invention. All of the features and the combinations 
thereof described in the embodiment are not necessar- 
ily essential to the invention. 

[0026] Fig. 1 shows a system of an optical fiber 
manufacturing apparatus. The system of the optical 
fiber manufacturing apparatus comprises: a glass base 
material generating apparatus 600 which generates a 
glass base material 102 serving as a raw material for 
the optical fiber; a glass base material dehydrating and 
sintering apparatus 700 which dehydrates and sinters 
the glass base material 102; a glass base material first 
elongating apparatus 900 which elongates the glass 
base material 102 to generate a glass rod 106; a glass 
rod transportation device 380 which transports the 
glass rod 106; a glass rod second elongating apparatus 
111 which elongates the glass rod 106 for the second 
time to generate a preform 107; and a preform drawing 
apparatus 500 which draws the preform 1 07 to generate 
an optical fiber. 

[0027] Fig. 2 shows an optical fiber manufacturing 
method. The glass base material 102 is generated by 
the glass base material generating apparatus using the 
vapor-phase axial deposition (VAD) method or the like 
(S200) . The glass base material 1 02 is then dehydrated 



in a chlorine gas atmosphere and sintered in an inert 
gas atmosphere by the glass material dehydrating and 
sintering apparatus 700 (S202). 
[0028] The diameter of the glass base material 1 02 

5 is normally 110 mm to 200,mm f compared with a diam- 
eter of 30 mm to 80 mm which is most practically used 
for drawing the optical fiber. Therefore, the dehydrated 
and sintered glass base material 102 is elongated first 
by the glass base material, first elongating apparatus, 

10 900 to produce a glass rod 106 (S204). 

[0029] The glass rod 1 06 is transported by the glass 
rod transportation device 380 (S205) . The glass rod 

106 is then heated and elongated by the glass rod sec- 
ond elongating apparatus 1 1 1 to a predetermined diam- 

75 eter. thus producing a preform 1 07 (S206) . The preform 

107 is heated and drawn to a filament-like form by the 
preform drawing apparatus 500 to produce an optical 
fiber (S210). 

[0030] Rg. 3 shows a porous glass base material 
20 sintering apparatus 700 according to the first embodi- 
ment. The porous glass base material sintering appara- 
tus 700 comprises: a furnace tube 12 and a heat source 
9 provided in the periphery of the furnace tube 12. The 
sintering apparatus 700 further includes a drive source 
25 3 which supplies the porous glass base material in the 
form of a rod body, into the furnace tube 12. and a 
descending rate control unit 4, connected to the drive 
source 3. which controls the speed at which the base 
material descends through the furnace tube 12. The 
30 sintering apparatus 700 still further includes a gas intro- 
ducing pipe 1 1 , provided at and connected to the lower 
portion of the furnace tube 12. which is connected to a 
supply source for supplying a dehydration-reactive gas 
such as chlorine gas and to another supply gas for sup- 
35 plying an inert gas such as helium gas. The sintering 
apparatus 700 still further includes a discharge pipe 7 
provided in the upper portion of the furnace pipe 12. 
[0031] The rod body 2 of the porous glass base 
material is provided with a marker 5. By providing the 
40 marker 2 with the rod body 2, a sensor 6 which is con- 
nected to the descending rate control unit 4 can detect 
that the half of the rod body 2 passes through a thermal 
region 8 defined by the heat source 9. 
[0032] Next, the sintering of the porous glass base 
45 material is carried out in the following manner. 

[0033] The porous glass base material in which the 
glass particulates are deposited using the outside vapor 
deposition (OVD) method is used as the rod body 2 in 
this first embodiment. 
so [0034] The chlorine gas and helium gas are sup- 
plied from respective supply sources (not shown) to the 
gas introducing pipe 11. The chlorine gas and the 
helium gas are mixed and then introduced into the fur- 
nace tube 1 2 so as to impregnate the furnace tube 112. 
55 The thermal region 8 is heated by the heat source 9. 
The rod body 2 of the porous glass base material slowly 
descends and passes the thermal region 8 while the rod 
body 2 is being rotated about an axis by the drive 
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source 3 which is controlled by the descending rate con- 
trol unit 4. The rod body 2 of the porous glass base 
material is sintered by the thermal process so that the 
dehydration and transparency-vitrification is performed 
on the rod body 2. 

[0035] When the half of the porous glass base 
material of the rod body 2 passes the thermal region, 
the sensor 6 senses the marker 5 and outputs a felt sig- 
nal to the descending rate control unit 4. Then, the 
descending rate control unit 4 is triggered by this felt 
signal serving to increase or decrease the descending 
rate of the rod body 2 so that the descending rate of the 
rod body 2 of the porous glass base material can be 
adjusted. Then, the sintering process continues until the 
sintering process of the rod body 2 is completed. 
[0036] The first embodiment is characterized by 
that the descending speed of the first half of the rod 
body 2 in the thermal region 8 corresponding to the 
heating source 9 is set to a slower speed than the 
descending speed of the end half of the rod body 2 in 
the thermal region 8 corresponding to the heat source 
9. ' r - 

[0037] By setting the descending speed of the first 
half of the rod body 2 to a slower speed than that of the 
end half thereof, the thermal energy is excessively sup- 
plied to the rod body 2 from the heating source 9 at the 
time of starting the sintering process, so that the sinter- 
ing process. can be performed evenly and uniformly on 
the rod body 2 without causing the eccentricity and the 
ellipsization of the periphery of the rod body 2. Since the 
rod body 2 of the porous glass base material is sintered 
continuously and uniformly, varying the speed of the 
descending speed of the rod body 2 does not cause 
eccentricity and ellipsization. Recall that we have called 
this tendency in which the glass base material is likely to 
present the form of an ellipse, ellipsization. 
[0038] It is desirable that the descending speed of 
the rod body 2 of the porous glass base material in the 
first half of the thermal region 8 is in the range of 
approximately 0.8 mm per minute to 2.2 mm per minute 
against the descending speed of the rod body 2 of the 
porous glass base material in the end half of the thermal 
region set at 3.5 mm per minute. If the descending 
speed of the rod body 2 in the first half of the thermal 
region 8 is slower than the above desirable speed set- 
ting condition, the rod body 2 may be heated exces- 
sively in an unnecessary manner, production efficiency 
therefor deteriorates. On the other hand, if the descend- 
ing speed of the rod body 2 in the first half of the thermal 
region 8 is faster than the above desirable speed setting 
conditioarihe^therrnal -energy supplied to the base 
material rod body 2 at the time of start of the sintering 
process is not sufficient so that the eccentricity or ellip- 
sization may be caused. 

[0039] The descending speed of the base material 
may be changed at once or varied in a gradual manner 
or changed in a step-by-step manner, and the descend- 
ing speed is preferably less than 5.0 mm per minute. If 



faster than the sped at 5.0 mm per minute, the sintering 
may not be sufficient. 

[0040] Accordingly, the optical fiber thus produced 
according to the first embodiment is of high quality 
5 because the core does not have eccentricity and ellipsi- 
zation of the periphery. 

Evaluation of the first embodiment 

10 [0041] According to the above described first 
embodiment, three porous glass base material are sin- 
tered under the following three conditions utilizing the 
porous glass base material sintering apparatus 700 of 
the first embodiment. The temperature of the heating 

is source 9 is set to 1600 °C. The respective descending 
speeds of the base material rod body 2 in the first half of 
the thermal region 8 are set to 0.8 mm per minute, 1 .5 
mm per minute and 2.2. mm per minute. Then, the each 
of respective speeds are changed to 3.5 mm per minute 

20 when the first half of the porous glass base material rod 
body 2 passes the thermal region 8. In other words, the 
descending speed of the end half of the porous glass 
base material rod body 2 is switched to the speed of 3.5 
; mm per minute, r 

25 [0042] In order to compare the first embodiment to 
the standard practice, we have performed the compari- 
son example 1 in which the descending speed remains 
:al 3.5 mm per minute throughout the sintering process. 
[0043] Fig. 4 is a table showing three experimental 

30 examples employing the first embodiment where each 
example is categorized into the descending speed (mm 
per minute) of the first half at the thermal region 8, the 
descending speed (mm per minute) of the end half at 
the thermal region 8, the eccentricity ratio (%) and the 

as ellipticity (%). , 

[0044] In order to show the characteristic of the 
eccentricity of the optical fiber preform sintered, there is 
calculated the eccentricity ratio in a manner that the dis- 
i placement between the axial center of the core and the 

40 . center of the optical fiber preform is divided by the diam- 
eter of the optical fiber preform. Moreover, in order to 
characterize the ellipsization, there is calculated the 
ellipticity in a manner that the longer diameter of the 
. optical fiber preform is divided by the shorter diameter 

45 thereof. The results are shown in Rg. 4. 

[0045] As Rg. 4 indicates, in the optical fiber pre- 
forms obtained using the values set within the first 
embodiment the eccentricity ratio and ellipticity are both 
significantly small compared to the comparison exam- 

50 pie 1 presenting a relatively large eccentricity and ellip- 
^ -^ticity, thus showing that the optical fiber preforms - 
obtained accord ng to the present embodiment turns 
out to be of very high quality. 

[0046] Since the optical fiber preforms obtained 
55 from the sintering apparatus and method for sintering 
the porous glass base material according to the present 
embodiment suppress the eccentricity of the core and 
the ellipsization of the base material, highly qualified 
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optical fiber preforms are obtained. Thus, the highly 
qualified optical fibers having little coupling loss can be 
manufactured. 

[0047] Fig. 5 shows another porous glass base 
material sintering apparatus 700 according to the sec- s 
ond embodiment The porous glass base material sin- 
tering apparatus 700 comprises: a lid 17 through which 
an axial body 18 penetrates; a furnace tube 12; and a 
heat source 9 provided in the periphery of the furnace 
tube 12. The sintering apparatus 700 further includes a 10 
drive source 3, connected to the axial body 18, which 
supplies the porous glass base material in the form of a 
rod body, into the furnace tube 12, and a descending 
rate control unit 4 t connected to the drive source 3, 
which controls the speed at which the base material is 
descends through the furnace tube 12. The sintering 
apparatus 700 still further includes: a temperature 
measuring sensor 14 for measuring temperature of the 
rod body 2 provided in the thermal region 8; and a tem- 
perature control circuit 15 which P ID-controls the heat 20 
source 14 and which is connected to the. temperature 
measuring sensor 14. Here PID stands for Proportional 
Integral and Difference operation. The sintering appara- 
tus 700 still further includes a gas introducing pipe 11. 
provided at and connected to the lower portion of the 2s 
furnace tube 12. which branches out to a dehydration- 
reactive gas passage 23 and.an inert gas passage 28. 
The dehydration-reactive passage 23 is connected to a 
gas supply source (not shown) for supplying the dehy- 
dration-reactive gas via a flow rate adjusting valve 24 
while the inert gas passage 28 is connected to a gas 
supply source (not shown) for supplying the inert gas< 
via a flow rate adjusting valve 29. The flow rate meter 25 
provided in the dehydration-reactive gas passage 23 
and the flow rate meter 20 provided in the inert gas pas- 
sage 28 are connected to the a flow rate control circuit 
27. A drive source 26 controlled by the flow rate control 
circuit 27 is connected to both the flow rate adjusting 
valve 24 and flow rate adjusting valve 29. The sintering 
apparatus 700 still further includes a discharge pipe 7 
provided in the upper portion of the furnace pipe 12. 
[0048] The present embodiment is characterized in 
what to follow. . ' 

[0049] In an atmosphere of the dehydration-reac- 
tive gas and inert gas which are supplied from the gas 
introducing pipe 1 1 connected to the flow rate adjusting 
valves 24, 29 having flow rate control unit 27 and which 
are introduced into the furnace tube 12, the porous 
glass base material 2 which is connected to the axial 
body 18 and is inserted to the furnace tube 12 
descends rotatingly by the drive source such as a 
motor. While the porous glass base material 2 is being 
sintered by the heat source 9 connected to the temper- 
ature control circuit 15 provided in the periphery of the 
furnace tube 1 2, the ratio of the flow rate of the inert gas 
controlled by the flow rate control circuit 7 against that of 
the dehydration-reactive gas, the descending speed 
controlled by the descending rate control unit 4, and the 



temperature of the heat source 9 controlled by the tem- 
perature control circuit 15 are varied. Moreover, the 
present embodiment is characterized by that at least 
one of factors among the flow rate ratio, the descending 
speed and the temperature of the heat source 9 are var- 
ied to achieve the optimized sintering operation. 
[0050] It is preferable that the ratio of the flow rate of 
the inert gas against that of the dehydration-reactive 
gas be in the range of approximately 10 - 50 %.Jf less » 
than 10 %, a dehydration process will not be completed. 
Moreover, since the upper portion of the porous glass 
base material 2 has longer contact time with the dehy- 
dration-reactive gas, the dehydration-reactive gas will 
be introduced in a great deal of amount thereof. If 
greater than 50 %, the dehydration-reactive gas invades 
into the porous glass base material excessively, so that 
such the dehydration-reactive gas remains unevenly 
after the sintering process. Thereby, the refractive index 
difference inside the clad increases. By lowering the 
ratio of flow rate of the dehydration gas against that of 
inert gas after a change, the uneven invasion of the 
dehydration-reactive gas into the porous glass base 
material can be suppressed. 

[0051] The descending speed is preferably in the 
range approxixmately 0:3 mm - 5.0 mm per minute. If 
slower than 0.3 mm per minute, the sintering effect 
deteriorates for an excessive heating results. If faster 
than 5.0 mm per minute, the sintering will not be com- 
pleted because of insufficient heating. By setting the 
descending speed faster after the change, the exces- 
sive supply of the chlorine gas to the upper portion of 
the porous glass base matieirai will be suppressed, so 
that the fluctuation of the refractive index difference in 
the longitudinal direction becomes small* so as to 
improve the productivity. 

[0052] It is preferable that the temperature differ- 
ence of the heat source prior to and after the change be 
set within approximately 50 °C. When the temperature 
difference exceeds 50 °C, the sintering will not be 
accomplished evenly. 

[0053] It is preferable that the temperature of the 
heat source 9 be in the range of approximately 1300 °C 
- 1650 °C. 

[0054] By setting the temperature of the heat 
45 source 9 to a higher temperature after the change, the 
dehydration-reactive gas in the upper portion of the 
porous glass base material 2 can be sufficiently scat- 
tered. Moreover, it can compensate for possible insuffi- 
cient vitrification due to the increase of the speed. 
so Moreover, the uneven remains of the dehydration-reac- 
tive gas in the axial direction of the base material after 
the sintering process can be suppressed. 
[0055] Moreover, it is preferable that there be a plu- 
rality of positions at which at least one of the gas flow 
55 rate ratio of the dehydration-reactive gas against the 
inert gas, descending speed of the base material and 
the furnace heating temperature is changed. 
[0056] Moreover, the gas flow rate ratio, the 



11 

descending speed of the base material and the temper- 
ature at which the furnace is heated may be varied in a 
step-by-step manner or may be varied in a gradual man- 
ner. 

[0057] Thereby, the uneven remains of the dehydra- 
tion-reactive gas in the base masteriai can be sup- 
pressed, so that the refractive index difference inside 
the clad can be made uniform 
[0058] Moreover, the present embodiment is char- 
acterized in that at least one of three (1 ) - (3) conditions: 

(1) the descending speed at which the glass base 
material descends through the furnace tube 1 2; 

(2) the temperature at which the glass base mate- 
rial is heated by the heat source 9 which is control- 
led by the temperature control circuit 15; and 

(3) the flow rate ratio of the dehydration-reactive 
gas to that of the inert gas to be introduced into the 
furnace tube 12 are varied as described above. 

[0059] The operation of the sintering apparatus 700 
according to the second embodiment will be described 
in detail. 

[0060] After the core and clad are formed by the 
VAD method, the porous glass base material 2 in which 
the clad is further grown by the OVD method is inserted 
into the furnace tube 12. The chlorine gas serving as 
the dehydration-reactive gas is supplied from the supply 
source (not shown) into the gas introducing pipe 1 1 via 
the flow rate adjusting valve 24. At the same time, the 
helium gas serving as the inert gas is supplied from the 
supply source (not shown} to the gas introducing pipe 
1 1 via the flow rate adjusting valve 29. Then, the chlo- 
rine gas and helium gas are mixed so as to be intro- 
duced into the furnace tube 12. 
[0061] The porous glass base material 2 descends 
in a manner that the base material is rotated by the drive 
source 3 such as a motor whose descending speed is 
controlled by the descending rate control unit 4. The 
temperature control circuit 15 controls the heat source 9 
by the proportional integral and differential (PID) opera- 
tion based on the temperature measuring sensor 14. 
When the porous glass base material 2 passes the heat 
source 9, the base material 2 is sintered and the dehy- 
dration reaction and transparency-vitrification proc- 
esses are performed thereon. When the base material 2 
descends up to a predetermined position, the descend- 
ing speed is changed by adjusting the revolving speed 
of the motor 3 controlled by the descending rate control 
circuit 4. The temperature of the heat source 9 is 
changed, by the temperature control circuit .15. so that 
the temperature detected by the temperature measur- 
ing sensor 1 4 is set to a predetermined temperature. 
The drive source 3 is driven by the flow rate control unit 
4 and the flow rate adjusting valves 24, 29 are controlled 
so that ratio of the dehydration-reactive gas against the 
flow rate of the inert gas is varied and the sintering proc- 
ess continues. 
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[0062] At the start of the sintering process, while 
the porous glass base material 2 descends at 1 .2 mm 
per minute, the chlorine gas serving as dehydration- 
reactive gas whose flow rate is 50 % is mixed. Thereaf- 

5 ter, the mixed gas is introduced into the furnace tube 12 
at the rate of 10L per minute and the sintering is per- 
formed with the heating source set to the temperature of 
1600 °C. When the base material 2 reaches the 
descending level of 50% of a stroke, the descending 

w speed is changed to 2.0 mm per minute by controlling 
the motor by the descending rate control unit 4. When 
the base material 2 reaches to the level of 75% of the 
stroke, the descending speed is changed to 3.0mm per 
minute. At the same time, the drive source 26 is driven 

15 by the flow rate control circuit 7 so that the predeter- 
mined rate is achieved observing the flow rate meters 
5,10. After the chlorine gas whose flow rate is 30% 
against the flow rate of helium gas is mixed, the mixed 
gas is introduced into the furnace tube 12 at the flow 

20 rate of 10L per minute. Moreover, the heating source 9 
is controlled at 1630 °C by the temperature control cir- 
cuit 15 so as to continue the sintering process. 
[0063] In order to compare the above described 
preferred example to other comparison example, the 

25 comparison example is taken up in a manner that the 
descending speed of the porous glass base material is 
set to 2.3 mm per minute constantly, and the mixed gas 
having constant 40 % chlorine gas against the helium 
gas is used and the heating temperature is constantly 

30 kept at 1590 °C so as to perform the sintering process 
with other conditions being same as the above preferred 
embodiment. 

[0064] Fig. 6 shows correlation between the posi- 
tion of the glass base and the refractive index differ- 

35 ences in the present embodiment (indicated with solid 
line) and the comparison example (dotted line) . In both 
present embodiment and the comparison example, the 
refractive indexes of the clad are measured at 12 differ- 
ent positions from the lower end through the upper end 

40 of the porous glass base. The horizontal axis indicates 
the measuring positions of the glass base material while 
the vertical axis indicates the refractive index difference 
in which the refractive index of the dad formed by the 
VAD method is subtracted from the refractive index of 

45 the clad formed by the OVD method. 

[0065] Referring to Fig. 2, the fluctuating range of 
the refractive index difference of the base material after 
the sintering process is less than 2 X 1 0" 5 in the present 
embodiment while more than 6 times the fluctuating 

so range compared to the present embodiment is found in 
the comparison example. If the fluctuating range is less 
5 X 10* 5 . it is known that the transmission characteris- 
tics are not damaged. Therefore, the glass base sin- 
tered according to the present embodiment presents 

55 high quality. 

[0066] Moreover, the sintering apparatus according 
to the present embodiment may be utilized in case of 
sintering the core or clad formed by the VAD or OVD 
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Sintering apparatus of Claim 5. wherein a flow rate 
control unit varies a flow rate ratio of dehydration- 
reactive gas to that of the inert gas. 



method. 

[0067] Moreover, the apparatus according to the 
first embodiment may be combined with the apparatus 
according to the second embodiment so as to achieve 
further effective sintering. . 5 
[0068] Although the present invention has been 
described by way of exemplary embodiments, it should 
be understood that many changes and substitutions 

may be made by those skilled in the art without depart 

ing from the spirit and the scope of the present invention 10 
which is defined only by the appended claims. 



Claims 

1 . Apparatus (700) for sintering a glass base material 
(2) which is a base material for an optical fiber, the 
sintering apparatus comprising: 

a control unit which varies a condition for sin- 
tering the glass base material; and 
a furnace (12) which sinters the glass base 
material by heating the glass base material in 
an atmosphere of dehydration gas and inert 
gas, 

said control unit including a drive source (3) 
which supplies the glass base material to said 
furnace. 

2. Sintering apparatus of Claim 1 , wherein said control 
unit includes a first sensor (6), connected to said 
drive source (3), which detects a position of the 
glass base material inside said furnace so that said 
drive source varies the speed of the glass base 
material which descends through said furnace, 
based on the position of the glass base material, 
detected by said first sensor. 

3. Sintering apparatus of Claim 1 , wherein said fur- 
nace includes: 

a heating source (9). provided in the periphery 
of said furnace, which heats the glass base 
material; and 

a gas introducing pipe (11), connected to said 
furnace, which introduces a chlorine gas serv- 
ing as the dehydration gas, and a helium gas 
serving as the inert gas into said furnace. 

4. Sintering apparatus of Claim 3, wherein said.control 
unit includes a temperature control unit (15) which 
controls the temperature of said heating source via 
a second sensor (14) provided in said furnace. 

5. Sintering apparatus of Claim 1 or Claim 4, wherein 
said gas introducing pipe branches out to a dehy- 
dration-reactive gas passage for introducing the 
chlorine gas and an inert gas passage for introduc- 
ing the helium gas. 



Sintering apparatus of Claim 2. wherein said drive 
source varies the speed at which the glass base 
material descends in a manner that the descending 
speed of the first half of the glass base material in a 
region corresponding, to said heating source is 
slower than that of the end half of the glass base 
material in said region. 

8. Sintering apparatus of Claim 2, wherein there is 
provided a maker (5) in the glass base material so 

is that the position of the glass base material can be 
detected by said first sensor. 

9. Sintering apparatus of Claim 7, wherein the 
descending speed of the glass base material in the 

20 first half of said region is in the range of approxi- 
mately 0.8 mm per minute to 2.2 mm per minute 
against a 3.5 mm per minute descending speed of 
the glass base material in the end half, of said 
region. 

25 

10. Sintering apparatus of Claim 2 or Claim 6 wherein 
the descending speed of the base material is 
changed at once and the descending speed is pref- 
erably less than 5.0 mm per minute. 

30 

11. Sintering apparatus of Claim 2 or Claim 6 wherein 
the descending speed of the base material is varied 
in a gradual manner and the descending speed is 
preferably less than 5.0 mm per minute. 

35 

1 2. Sintering apparatus of Claim 2 or Claim 6 wherein 
the descending speed of the base material is 
changed in a step-by-step manner, and the 
descending speed is preferably less than 5.0 mm 

40 per minute. 

13. Sintering apparatus of Claim 4, wherein said tem- 
perature control unit performs a proportional inte- 
gral and differential operation. 

45 

14. Sintering apparatus of Claim 5, wherein said dehy- 
dration-reactive gas passage includes a first flow 
rate meter (25) for measuring a flow rate of the 
dehydration-reactive gas and a first flow rate adjust- 
so ing valve for adjusting a flow rate of the dehydra- 
tion-reactive gas (24), and said inert gas passage 
includes a second flow rate meter (20) for measur- 
ing a flow rate of the inert gas and a second flow 
rate adjusting valve (29) for adjusting a flow rate of 

55 the inert gas. and there are provided a flow rate 
control unit (27), for controlling the flow rate of gas 
introduced into the furnace 12, connected to both 
said first and second flow rate meters (25, 20), and 
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there are provided a second drive source (26) con- 
nected to said flow rate control unit (27) and said 
first and second flow rate adjusting valves (24, 29). 

1 5. Sintering apparatus of Claim 6, wherein there are a s 
plurality of positions at which at least one of a gas 
flow rate ratio of the dehydration-reactive gas 
against the inert gas, descending speed of the 
glass base material and the temperature at which 

the glass base material is heated is changed. 10 

16. Sintering apparatus of Claim 6. wherein the ratio of 
gas passing through said dehydration-reactive gas 
passage to gas passing through said inert gas pas- 
sage is in the range of approximately 10% to 50%. is 

17. Sintering apparatus of Claim 4, wherein said tem- 
perature control unit varies the temperature in a 
manner that the temperature difference of said 
heating source is set within approximately 50 °C, 20 
and the temperature of said heating source is in the 
range of approximately 1 300 °C - 1650 °C. 

18. Sintering apparatus of Claim 1, wherein the 
descending speed of the glass base material is 25 
approximately 0.3 mm per minute to 5.0 mm per 
minute. 

1 9. Apparatus for manufacturing an optical fiber, com- 
prising: 30 

a glass base material generating apparatus 
(600) which generates glass base material 
serving as a raw material for the optical fiber; 
a glass base material dehydrating and sintering 35 
apparatus (700) which dehydrates and sinters 
the glass base material, the glass base dehy- 
drating and sintering apparatus including: 
a control unit which varies a condition for sin- 
tering the glass base material; and 40 
a furnace (12) which sinters the glass base 
material by heating the glass base material in 
an atmosphere of dehydration gas and inert 
gas, 

wherein said control unit includes a drive 45 
source (3) which supplies the glass base mate- 
rial to said furnace; 

a glass base material first elongating apparatus 
(900) which elongates the glass base material 
to generate a glass rod; so 
a glass rod second elongating apparatus (111) 
which elongates the glass rod for the second 
time to generate a preform which is parent 
material of the optical fiber; and 
a preform drawing apparatus (500) which 55 
draws the preform to produce the optical fiber. 

20. A method of sintering a glass base material which 



is a base material for an optical fiber, the sintering 
method comprising: 

varying a condition for sintering the glass base 
material; 

said varying condition including: 

supplying the glass base material to a furnace; 

and 

sintering the glass base material in the furnace 
by heating the glass base material in an atmos- 
phere of dehydration gas and inert gas. 

21. A method of manufacturing an optical fiber, com- 
prising: 

generating (S200) a glass base material serv- 
ing as a raw material for the optical fiber; 
varying a condition for sintering the glass base 
material; 

said varying condition including: 

supplying the glass base material to a furnace; 

and 

sintering the glass base material in the furnace 
by heating the glass base material in an atmos- 
phere of dehydration gas and inert gas; 
elongating (S204) the glass base material to 
generate a glass rod; 

elongating (S206) the glass rod for the second 
time to generate a preform which is a parent 
material for the optical fiber; and 
drawing (S210) the preform to produce the 
optical fiber. 
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